Methods for Single-Lung Ventilation in Pediatric Patients
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lumen tubes (DLTs), other techniques are often

required for single-lung ventilation (SLV) in pe-
diatric patients. This article offers tube selection
guidelines for SLV in children.

B ecause many children are too small for double-

Methods

We reviewed published values for airway measure-
ments in children (Table 1) (1,2). Data from the first
study was derived by analyzing fresh autopsy speci-
mens of intact tracheo-bronchial trees from 160 chil-
dren between the ages of 6 mo and 16 yr (1). Thin
cross-sections of the airways were made at various
levels and photographed on color slides. By using a
metric rule photographed with the specimen, mea-
surements were read from the projected slides. The
second set of data was obtained from chest computed
tomographic examinations of 130 children from 1-21
yr of age (2).

The trachea is elliptical in shape, with the frontal
diameter exceeding the sagittal diameter. Because the
sagittal dimension is the “limiting” diameter and de-
termines the largest tube that will fit, the sagittal mea-
surement was used as our value for tracheal diameter.
Data for bronchial dimensions were calculated using
measured tracheal-to-bronchial ratios in children (3).

Tube dimensions were obtained from each manu-
facturer and by direct measurement by a biomedical
engineer using calipers accurate to within 0.025 mm.

Results

The results of our review are shown in Table 1. Based
on these data and the dimensions of tracheal tubes and
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bronchial blockers (Tables 2-5), recommendations for
SLV are given in Table 6.

Discussion

The different SLV techniques that can be used in chil-
dren are briefly reviewed.

Single Lumen Endotracheal Tube (ETT)

The simplest method is to intentionally intubate a
mainstem bronchus with a conventional single-lumen
ETT (4,5). The ETT is advanced into the bronchus until
breath sounds over the contralateral (operative) lung
disappear. A fiberoptic bronchoscope (FOB) can be
passed through or alongside the ETT to confirm or
guide placement. When a cuffed ETT is used, the
distance from the tip of the tube to the proximal edge
of the cuff must be shorter than the length of the
mainstem bronchus to insure that the cuff is entirely in
the bronchus (6).

This technique requires no special equipment other
than a FOB. Problems include failure to achieve an
adequate seal of the bronchus, especially if an un-
cuffed ETT is used. This may prevent the operated
lung from collapsing completely or fail to protect the
healthy, ventilated lung from contamination. One is
unable to suction the operated lung. Hypoxemia may
result from obstruction of the upper lobe bronchus,
especially when the short right mainstem bronchus is
intubated.

Variations of this technique have been described,
including intubation of both bronchi independently
with small ETTs (7-10). One mainstem bronchus is
initially intubated with an ETT after which another
ETT is advanced over a FOB into the opposite
bronchus.

Balloon-Tipped Bronchial Blockers

We previously described bronchial blockade using an
end-hole, balloon wedge catheter (Arrow Interna-
tional Corp., Redding, PA) (11). The bronchus on the
operative side is initially intubated with an ETT. A
guidewire is then advanced through the ETT into that
bronchus. The ETT is then removed, and the blocker
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Table 1. Airway Dimensions in Children
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Expected Expected Expected Expected
right bronchial left bronchial right bronchial left bronchial
Age Trachea” diameter diameter Trachea” diameter diameter
(yr) (mm) (mm) (mm) (mm) (mm) (mm)
0.5-1 5.6 4.8 3.7 N/A N/A N/A
1-2 6.5 5.6 43 53 4.6 3.5
2-4 7.6 6.5 5.0 7.4 6.4 4.9
4-6 8.0 6.7 5.3 8.0 6.7 5.3
6-8 9.2 7.9 6.1 9.2 7.9 6.1
8-10 9.0 7.7 6.0 10.5 9.0 6.9
10-12 9.8 8.4 6.5 11.6 10.0 7.0
12-14 10.3 8.6 6.8 13.0 11.2 8.6
14-16 12.7 10.9 8.4 13.9 12.0 9.2
16-18 NA NA NA 13.7 14.6 9.0
18-20 NA NA NA 13.9 12.0 9.2

The average mean tracheal AP (saggital) diameters are given, as this dimension determines the “limiting diameter” (i.e., largest size tube admissable). The
bronchial diameters are calculated from measured bronchial:tracheal ratios of 0.86 (right bronchus) and 0.66 (left bronchus) in children (1).

NA = not applicable.
“See Reference 1.
b See Reference 2.

Table 2. Single-Lumen Endotracheal Tube Diameters

ID (mm)* OD (mm)
3.0 43
3.5 49
4.0 55
45 6.2
5.0 6.8
55 7.5
6.0 8.2
6.5 8.9
7.0 9.6

Cuffed tubes have approximately 0.5 mm additional outer diameter.
ID = internal diameter, OD = outer diameter.
“ Sheridan® Tracheal Tubes, Kendall Healthcare, Mansfield, MA.

catheter is advanced over the guidewire into the bron-
chus. The ETT is then reinserted into the trachea
alongside the blocker -catheter. Alternatively, a
Fogarty embolectomy catheter may be placed with or
without bronchoscopic guidance (12,13). A FOB is
then used to confirm the position of the blocker.

With an inflated blocker balloon, the airway is com-
pletely sealed, providing more predictable lung col-
lapse and better operating conditions than with an
ETT in the bronchus.

A potential problem is dislodgement of the blocker
balloon into the trachea. The inflated balloon will then
block ventilation to both lungs and/or prevent col-
lapse of the operated lung. The balloons of catheters
used for bronchial blockade have low-volume, high-
pressure properties, and overdistension can damage
or even rupture the airway (14). When closed-tip
bronchial blockers are used, the operated lung can-
not be suctioned, and continuous positive airway
pressure cannot be provided to the operated lung if
needed.

Table 3. Balloon Wedge Catheters” for Use as Bronchial
Blockers in Children

Maximal Inflated
French inflating  balloon  Guidewire

size Length  capacity diameter size
(F) (cm) (mL) (mm) (in.)

5 60 0.75 8 0.025

6 60 1.0 10 0.035

7 110 1.25 11 0.038

8 110 1.25 11 0.038

“ Arrow International Corp., Redding, PA.

Univent Tube

The Univent tube (Fuji Systems Corporation, Tokyo,
Japan) is a conventional ETT with a second lumen
containing a small tube that can be advanced into a
bronchus (15). A balloon located at the distal end of
this small tube, when inflated, serves as a blocker.
Univent tubes require FOB for successful placement.
Univent tubes are now available in sizes as small as a
3.5 and 4.5 mm internal diameter for children (16).

Because the blocker tube is firmly attached to the
main ETT, displacement of the Univent blocker bal-
loon is less likely than when other blocker techniques
are used.

DLTs

All DLTs are essentially two tubes of unequal length
molded together. The shorter tube ends in the trachea
and the longer tube in a bronchus. Marraro (17) de-
scribed a bilumen tube for infants. This tube consists
of two separate uncuffed tracheal tubes of different
length attached longitudinally. The Marraro tube is
not available in the United States.
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Table 4. Univent Tube® Diameters

ID (mm) OD (mm)”
3.5 7.5/8.0
4.5 8.5/9.0
6.0 10.0/11.0
6.5 10.5/11.5
7.0 11.0/12.0
7.5 11.5/12.5
8.0 12.0/13.0
8.5 12.5/13.5
9.0 13.0/14.0

ID = internal diameter, OD = outer diameter.
“ Fuji Systems Corporation, Tokyo, Japan.
b Values are sagittal/transverse.

Table 5. Double-Lumen Tube Dimensions

Main body Bronchial lumen
Size (F) OD (mm) OD (mm)
26" 9.3 5.7
28° 10.2 6.9
32° 11.2 8.1
35" 135 9.7
37" 14.0 10.4

OD = outer diameter.

2 Rusch, Inc. Duluth, GA.

? Mallinckrodt Medical, Inc., St. Louis, MO. (Cuff thickness is 0.049 mm;
therefore, cuff adds 0.10 mm to overall OD of tube.)

Table 6. Tube Selection for Single-Lung Ventilation in
Children

Univent

Age ETT (ID)" BB (ID)° DLT?
(yr) (mm) (F) (mm) (F)
0.5-1 3.5-4.0 5
1-2 4.0-4.5 5
2-4 45-5.0 5
4-6 5.0-5.5 5
6-8 5.5-6 6 3.5
8-10 6.0 cuffed 6 3.5 26
10-12 6.5 cuffed 6 4.5 26-28
12-14 6.5-7.0 cuffed 6 45 32
14-16 7.0 cuffed 7 6.0 35
16-18 7.0-8.0 cuffed 7 7.0 35

ETT = endotracheal tube, BB = bronchial blocker, ID = internal diameter,
DLT = double-lumen tube.

% Sheridan® Tracheal Tubes, Kendall Healthcare, Mansfield, MA.

b Arrow International Corp., Redding, PA.

¢ Fuji Systems Corporation, Tokyo, Japan.

926F: Rusch, Duluth, GA; 28-35F: Mallinckrodt Medical, Inc., St. Louis,
MO.

DLTs for older children and adults have cuffs lo-
cated on the outer walls of the tracheal and bronchial
lumens. The tracheal cuff, when inflated, allows pos-
itive pressure ventilation. The inflated bronchial cuff
allows ventilation to be diverted to either or both
lungs and protects each lung from contamination from
the contralateral side.

In children, the DLT is inserted using the same
technique as in adults (18). If FOB is to be used to

ANESTH ANALG
1999;89:1426 -9

confirm tube placement, a FOB with a very small
diameter and sufficient length must be available. In
adults, the depth of insertion is directly related to the
height of the patient (19). No equivalent measure-
ments are yet available in children.

A DLT offers the advantage of ease of insertion. One
is able to suction and oxygenate the operative lung
with continuous positive airway pressure. Left-sided
tubes are preferred to right DLTs because of the
shorter length of the right main bronchus. Right DLTs
are more difficult to accurately position and have a
greater risk of right upper lobe obstruction.

There are few reports of airway damage from DLTs
in adults and none in children (20). Their high-
volume, low-pressure cuffs should not damage the
airway if they are not overinflated with air or dis-
tended with nitrous oxide while in place.

The sizes of DLTs that can be used in children are
shown in Table 6. The recommendations are based on
average values for airway dimensions. Larger DLTs
may be safely used in large teenagers.

Isolation of the lungs and SLV in pediatric patients
can be accomplished with a variety of tubes. The
challenge to the anesthesiologist is to choose a safe
and effective means for isolating the lungs in each
individual patient.

We reviewed the normal values for tracheal and
bronchial diameter by age. Because the right bronchus
is slightly larger than the left, tubes that fit the left
bronchus will also fit the right bronchus. Using the
patient’s age and airway measurements allows selec-
tion of the appropriate technique and tube. Individual
patient characteristics must also be considered. Guide-
lines for selecting an appropriate lung isolation tech-
nique, based on the age of the patient or the tracheal
diameter, are given. Prospective follow-up of these
guidelines is necessary for complete assurance the
guidelines are accurate.

References

1. Respiration and circulation (biological handbooks). Bethesda,
MD: Federation of American Societies for Experimental Biology,
1971:105-8.

2. Griscom NT, Wohl MEB. Dimensions of the growing trachea
related to age and gender. AJR Am ] Roentgenol 1986;146:233-7.

3. Scammon RE. Dimensions of the respiratory tract at various
ages in man. In: Abt A, ed. Pediatrics. 1st ed. Philadelphia: W.B.
Saunders, 1923:257.

4. Rowe R, Andropoulos D, Heard M, et al. Anesthestic manage-
ment of pediatric patients undergoing thoracoscopy. J Cardio-
thorac Vasc Anesth 1994;8:563—6.

5. Kubota H, Kubota Y, Toshiro T, et al. Selective blind endobron-
chial intubation in children and adults. Anesthesiology 1987;67:
587-9.

6. Lammers CR, Hammer GB, Brodsky JB, et al. Failure to isolate
the lungs with an endotracheal tube positioned in the bronchus
[letter]. Anesth Analg 1997;85:944.

7. Cullum AR, English CW, Branthwaite MA. Endobronchial in-
tubation in infancy. Anaesthesia 1973;28:66-70.



ANESTH ANALG
1999;89:1426 -9

10.

11.

12.

13.

14.

. McLellan I. Endobronchial intubation in children. Anaesthesia

1974;29:757-8.

. Yeh TF, Pildes RS, Salem MR. Treatment of persistent tension

pneumothorax in a neonate by selective bronchial intubation.
Anesthesiology 1978;49:37-8.

Watson CB, Bowe EA, Burk W. One-lung anesthesia for pedi-
atric thoracic surgery: a new use for the fiberoptic broncho-
scope. Anesthesiology 1982:56;314-5.

Hammer GB, Manos SJ, Smith BM, et al. Single lung ventilation
in pediatric patients. Anesthesiology 1996,84:1503-6.

Lin YC, Hackel A. Paediatric selective bronchial blocker. Paed
Anaesth 1994;4:391-2.

Turner MWH, Buchanon CCR, Brown SW: Paediatric one lung
ventilation in the prone position. Paed Anaesth 1997,7:427-9.
Borchardt RA, LaQuaglia MP, McDowall, et al. Bronchial injury
during lung isolation in a pediatric patient. Anesth Analg 1998;
87:324-5.

15.

16.

17.

18.

19.

20.

BRIEF COMMUNICATION HAMMER ET AL. 1429

SINGLE-LUNG VENTILATION IN PEDIATRIC PATIENTS

Kamaya H, Krishna PR. New endotracheal tube (Univent tube)
for selective blockade of one lung. Anesthesiology 1985;63:
342-3.

Hammer GB, Brodsky JB, Redpath J, et al. The Univent tube for
single lung ventilation in children. Paed Anaesth 1998;8:55-7.
Marraro G. Selective bronchial intubation in paediatrics: the
Marraro paediatric bilumen tube. Paed Anaesth 1994;4:255-8.
Brodsky JB, Mark JBD. A simple technique for accurate place-
ment of double-lumen endobronchial tubes. Anesth Rev 1983;
10:26-30.

Brodsky JB, Macario A, Mark JBD. Tracheal diameter predicts
double-lumen tube size: a method for selecting left double-
lumen tubes. Anesth Analg 1996,82:861-4.

Fitzmaurice BG, Brodsky JB. Airway rupture from double-
lumen tubes. ] Cardiothorac Vasc Anesth 1999;13:322-9.



